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Research Program Tests for the U. S. Defense Special 
Weapons Agency (DSWA) for Breaching of Concrete Panels 

Set Against a Sandstone Rock Wall 

1.0 INTRODUCTION 
EMRTC was tasked by the Defense Special Weapons Agency @SWA) to conduct a research 
program involving the breaching of concrete panels set against a sandstone rock wall. The 
program was completed in three phases: construction, training, and testing. 

2.0 CONSTRUCTION PHASE 
The tests panels, four total, were fabricated according to the drawings supplied by DSWA in the 
Statement of Work (SOW). Figures 1 and 2 show the reenforcement bar placement prior to the 
concrete placement. The sandstone wall behind the panels was shaped into a vertical face using 
rock drilling and blasting techniques. 

Figure 1. Reenforcement bar placement prior to concrete placement. 



The first three panels were fabricated on footings, whereas the fourth wall was fabricated on the 
bedrock. The panels were Ezbricated using 5000 psi compressive strength ooncrete. The first 
three test panels were fabricated as one monolithic unit. 

The fourth panel was fabricated in two vertical sections with the rear section being 10 inches thick 
&om the sandstone wall. The joint between the two units was coated with roofing tar. The 
fourth panel included a steel whale beam at the top of the wall to anchor the wall to the sandstone 
wall using anchor bohs imbedded into the sandstone wall. The wall also used a load beam on the 
top of the wall to preload the wall with a simulated overburden stress prior to testing. 

Accelerometers were installed in each panel according to guidance from onsiie DSWA 
representatives. Stress gauges were installed on the fourth panel in order to determine the load 
being applied to the panel from the load beam. 

3.0 TRAINING PHASE 
The training phase involved contractor personnel using a remote operated articulating drilling 
machine mounted on a mobile tractor platform, The training involved tbn drilling of 2- and 4- 



inch diameter holes into the concrete and the sandstone. The hole placement was determined by 
the onsite contractor personnel. The holes were drilled in a variety of configurations: 

1) straight into the concrete face (perpendicular to the concrete face) of the panel into the 
sandstone wall behind the panel; 

2) into the concrete through the side of the panel (parallel to the concrete face); and 
3) into the sandstone from the side of the panel (parallel to the front concrete face). The 

Composition C4 explosive charges were packed and loaded into the holes by EMRTC 
personnel with guidance from the onsite DSWA personnel. 

4.0 TESTING PHASE 

4.1 Panel No. 1 
The panel was drilled from the front face with four equally spaced 2-inch holes four feet above the 
bottom of the panel (Figures 3,4, and A). The explosive charges, composition C4 high 
explosives, were packed into thin wall acetate plastic tubing. Each charge was 2800 g with a 
loading density of 1.57 glcc and was loaded into each hole in two pieces with a piece of PETN 
sheet explosive (C6 Detasheet) at the interface between the two pieces. A wooden dowel was 
used to stem each hole. A Nonel detonator was used to initiate each charge. A four-channel fire 
control system was used to initiate the Nonel detonators. Polyurethane foam was used on the 
side-wall of the panel closest to the last hole to be initiated in order to minimize the spall damage 
to the side of the panel. The front face and sides of the panel were photographed with high-speed 
cameras to document crack propagation through the panel. 

The explosive charges were to be initiated 8 msec apart. The first two holes initiated at the 
correct times (0 and 8 msec), while the second two holes initiated at the same time of the second 
hole (8 msec). The accelerometer data was collected and turned over to DSWA personnel. 
Figures 5 through 7 show the resulting damage to the panel. 

4.2 Panel No. 2 
The sandstone wall behind the panel was drilled from the side with a single 4-inch hole parallel to 
the front concrete face (Figures 8 and B). The composition C4 explosive charge, 49.8 pounds 
with a loading density of 1.63 glcc, was loaded into an acetate tube and stemmed with wood. 
Polyurethane foam was used on the side-wall and top of the panel to minimize the spall damage to 
the panel. The front face and sides of the panel were photographed with high-speed cameras to 
document crack propagation through the panel. Figures 9 through 1 1 show the resulting damage 
to the panel. 



Figure A. Explosives placement, Test 1, perpendicular to fiont face. 
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Figure 3. Panel 1 explosive charge placement. 

Figure 4. Panel 1 explosive charge placement. 



Figure 5. Test 1, resulting damage to Panel 1. 

Figure 6. Test 1, resulting damage to Pz 
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Figure B. Explosives placement, Test 2, parallel to front face. 



Figure 8. Panel 2 charge placement (indicated by white bar on panel face) 

Figure 9. Resulting damage to Panel 2. 



Figure 10. Resulting damage to Panel 2. 

Figure 1 1. Resulting damage to Panel 2 
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4.3 Panel No. 3 
The panel was drilled from the side (parallel to the front face) with a single two-inch hole two feet 
back from the front face of the panel and 4 feet above the bottom of the panel (Figures 12 and C). 
The composition C4 explosive charge was 20.33  pounds with a loading density of 1.59  glcc. The 
hole was stemmed with wood. Polyurethane foam was used on the side-wall and top to minimize 
the spa11 damage to the side and top of the panel. The front face and sides of the panel were 
photographed with high-speed cameras to document crack propagation through the panel. 
Figures 13 and 14 show the resulting damage to the panel. 

............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ..... ..... . . . . ..... ..... 

+4' 
..... :::.:::.: ..... . . . . . . . . . . . . . .  Sandstone :::.:::.:: ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  

pa #3 .'. .'. .'. .'. .'. .'. .'. .'. .'. .'. .'. .'. .'. .'. .' 

............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ........................... . . . . . . . . . . . . . .  ........................... . . . . . . . . . . . . . . .  ............................ . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................ . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  .................... . . . . . . . . . .  .................... 
. . . . . . . . . .  ........................ Shot 1 

. . . . . . . . . . . .  
Shot ......................................... 

........................ 
+:.:::.:::.:::.:::.:::.:::.:::.:::.:::.:::.:::.:: ........................ . . . . . . . . . . . .  ........................ . . . . . . . . . . . .  ........................ . . . . . . . . . . . .  ........................ . . . . . . . . . . . .  ......................... . . . . . . . . . . . . .  ......................... . . . . . . . . . . . .  6" .:.:.: :.: :.: 1.: :.: 1.: 1.1 1.1 1.: 1.: 1.: :.: . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  4' :.: :.: :.: :.: :.: :.: :.: :.: :.: :.: :.: :.: :.: :.: :. ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. Base . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . . .  ............................. . . . . . . . . . . . . . .  ....................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... ............................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... .............................................................. . . .  : . . .  :.: :.: : Sandsfone ............................................................................................................................. ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....................................................................................... 

Figure C. Explosives placement for test 3 .  Shot 1 and shot 2 parallel to front face. 



Figure 12. Test 3, Shot 1, Panel 3 charge placem-nt. 

Figure 13. Test 3, Shot 1, resulting damage to Panel 3.  
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Figure 14. Test 3, Shot 1, resulting damage to Panel 3. 



A second test was performed on the panel. A single 4-inch hole was drilled into the sandstone 
wall parallel to the hole drilled into the panel. The composition C4 explosive charge was 76.2 
pounds with a loading dei~sity of 1.59 glee. The hole was stemmed with wood. The ftont face 
and sides of the panel were photographed with high-speed cameras to document crack 
propagation through the panel. Figures 15 and 16 show the resulting damage to the panel and 
sandstone wall. 

Figure 15. Test 3, Shot 2, resulting damage to Panel 3. 



Figure 16. Test 3, Shot 2, resulting damage to Panel 3 

4.4 Panel No. 4 
The panel was drilled with a 2-inch hole and the sandstone wall was drilled with a 4-inch hole in 
the same locations as the Panel No. 3 tests. The explosive charges were the same as those in the 
Panel No. 3 tests. The panel was pre-stressed to 70 psi using the load beam on the top of the 
panel Pigure 17). The charges were initiated with a 10-msec delay betv-en the charge in the 
panel and the charge in the sandstone. The delay was obtained using 65.5 feet of shock tube on 
the sandstone charge. The holes were stemmed with wood. The front face and sides of the panel 
were photographed with high-speed cameras to document crack propagation through the panel. 
Figures 18 through 20 show the resulting damage to the panel. 



Figure 17. Test 4, explosive charge placement. 

Figure 18. Test 4, resulting damage to Panel 4. 



is- 

Figure 19. Test 4, resulting damage to Panel 4 

20. Test 4, resulting damage to Panel 4. 
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